It was observed that within the Bieri-Dill-Heilbronner-Schmelzer model for the calculation of the ionization energies of alkanes C" H 2 "+2, there are exactly n C 2s -electron energy levels lying below the degenerate a-ß manifold. We now show that, indeed, this regularity is obeyed by practically all alkane species. Exceptions do exist, but they must possess a (chemically infeasible) group of more than six mutually connected quaternary carbon atoms.
Introduction
The communication industry employs lasers and fiberoptic cables to move data, sound, and even real-time motion pictures through backbone networks at the speed of light. These communications are slowed dramatically at their final destination when packets of light must be converted back into electrical impulses. Companies like Cisco Systems, JDS Uniphase, Lucent Technologies, and Nortel Networks are spending billions of dollars, looking for ways to overcome this technology bottleneck. The enormity of such applications has naturally stimulated renewed interest in everything photoelectric.
In 1977 Bieri, Dill, Heilbronner, and Schmelzer [1, 2] developed a simple equivalent-bond-orbital approximation (in what follows referred to as the BDHS model), capable of reproducing the experimental [3] photoelectron spectra of saturated hydrocarbons, especially the socalled "high-energy band" (HEB), lying in the range 17-26 eV. The HEB is believed to pertain to the 2s-orbitals of the carbon atoms, to the ionization of the C 2s -electrons.
The basic result of the BDHS model is the expression

Ej= a + ß Xj
where a and /3are semiempirical parameters (whose proposed [ 1 ] values for alkanes are a--16.10 ± 0.08 eV and ß = -2.11 ±0.03 eV) and where x h j = 1,2,..., 3 n + 1 are the eigenvalues of the line graph of the respective hydrogen-filled molecular graph. Throughout this paper the number of carbon atoms in the alkane molecules considered is denoted by n, hence, their formula is C"H 2 " +2 .
In a hydrogen-filled molecular graph vertices represent both the heavy atoms (carbon etc.) and the hydrogen atoms. In Fig. 1 is depicted the hydrogen-filled molecular graph of 2, 2, 3, 3, 6, 6 -hexamethyl heptane and its line graph; for more details see elsewhere [1, 2, [4] [5] [6] .
Within the BDHS model the energy level a-ß is highly degenerate [5] , and only the energy levels lying below the a-ß manifold are of physical significance. In a recent study of the BDHS model [6] the following empirical observation was made: Rule 1. Every alkane with n carbon atoms has exactly n energy levels lying below the degenerate a -ß manifold.
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T. Fig. 1 . The hydrogen-filled molecular graph G of 2,2,3,3,6,6- hexamethyl heptane C13H28, its line graph A{G) and the subgraph R (G), induced by the quaternary carbon atoms; A(G) has 40 vertices and, consequently, within the BDHS model there are 40 energy levels; only 13 of these correspond to the HEB.
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0932-0784 / 2000 / 0900-1100 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com Bearing in mind that the BDHS model renders a total of 3n + 1 energy levels (because the respective model Hamiltonian matrix is of order 3 n + 1), Rule 1 is far from being self-evident (and, as we shall see, is also not generally valid).
Another way to formulate Rule 1 is based on the result [6] that for alkanes, */ = v, -2 where y h i = 1,2,..., 3n+ 1 are the non-zero Laplacian eigenvalues of the hydrogen-filled molecular graph. (Recall that JC, pertains to the line graph, cf. Figure 1 ). This implies:
Rule 1'. The hydrogen-filled molecular graph of an alkane with n carbon atoms has exactly n Laplacian eigenvalues greater than + 1.
Basic Definitions and Statement of the Main Result
In this section we first give some basic definitions concerning Laplacian eigenvalues; for more mathematical and chemical details see the reviews [7] and [8] , respectively.
Suppose H = (V, E) is a graph on m vertices; 
(H) = D(H) -A(H).
The m eigenvalues of L(H) are called the Laplacian eigenvalues of the graph H. Of these eigenvalues one is always zero and none is negative. If H is connected, then it has m -1 positive-valued Laplacian eigenvalues. Now, if G is the hydrogen-filled molecular graph of an alkane, then it has 3/7 + 2 vertices and 3n + \ edges, cf. As a first step toward analyzing the Laplacian spectra of alkanes, we divide the vertices of a fixed but arbitrary hydrogen-filled molecular graph G into three types. Type 1 consists of the p = 2n + 2 vertices of degree 1. (When these vertices -and all the edges adjacent with them -are removed from G, what remains is the hydrogen-depleted molecular graph, the object usually employed in chemical graph theory [4] .) Type 2 vertices of G are the vertices of degree 4 that are adjacent to at least one vertex of degree 1. Denote by q the number of Type 2 vertices. The remaining r=n-q vertices are of Type 3. So, Type 3 vertices are those vertices of degree 4, each of whose four neighbors also has degree 4. In other words, Type 3 vertices correspond to quaternary carbon atoms in the respective molecule.
If r > 0, denote by R the graph that remains after the vertices of G of Types 1 and 2 have been removed. Then R is a subgraph of G, induced by the Type 3 (quaternary carbon) vertices. Because G is a tree (a connected acyclic graph), R is a forest (a graph each of whose connected components in a tree). We will refer to the components of R as quaternary segments of the corresponding alkane. If r = 0, there are no quaternary carbon atoms and no quaternary segments.
An example of the subgraph R is found in Figure 1 . It has two quaternary segments: a 2-vertex and a 1-vertex segment.
In what follows we demonstrate that Rule 1 is valid for practically all (chemically sound) alkane species. We namely prove Theorem 1. Rule 1 is valid for any alkane whose molecular graph does not have a quaternary segment with more than six vertices.
In view of Rule 1', what we actually prove is:
Theorem 1'. A hydrogen-filled molecular graph of an alkane with n carbon atoms, having no quaternary segment with more than six vertices, has exactly n Laplacian eigenvalues greater than + 1. Clearly. Theorems 1 and 1' are equivalent.
Violations of Rule 1
It follows immediately from Theorem 1 that Rule 1 is valid for alkanes having a total of six or fewer quaternary carbon atoms, and for those having an arbitrary number, no two of which are adjacent. Together, these cases cover practically every alkane relevant to real-life chemistry.
As the proof will indicate, the number six in the statement of the theorem can almost certainly be replaced with a larger number. However, as we see in the following example, this larger number cannot be as big as 53.
Consider a (hypothetical) isomer C^H^ having 53 quaternary carbon atoms and a molecular graph G 6 that takes the form of a dendrimer (symmetric "starburst") in
Fig . 2 . The hydrogen-fdled molecular graphs of the first three members of a hypothetical dendrimer series (G! and G 2 represent methane and neo-pentane, respectively); G 6 , corresponding to a species with formula C 161 H3 24 , provides a counterexample for Rule 1.
which four isomorphic branches extend from a central Type 3 (quaternary carbon) vertex, cf. the series G x , G 2 , G 3 ,... depicted in Figure 2 . Rule 1' predicts that G 6 should have 161 Laplacian eigenvalues greater than 1. Calculations show that there are only 160 such eigenvalues, in addition to 109 and 216 eigenvalues less than and equal to 1, respectively. Hence, G 6 is a counterexample to Rule 1.
We mentiuon in passing that, in this case, the a -ß manifold is 216-times degenerate.
ity of the eigenvalue y = 1 of L(G) is p -q, and that the number of eigenvalues of L(G) less than 1 is precisely equal to the number of nonquaternary carbon atoms in the corresponding alkane. Apart from these observations, the proof is essentially qualitative in nature. It does not afford any information about, e.g., the magnitude of the largest eigenvalue p{G).
On the other hand, independently of Theorem 1 and its proof, we offer the following upper bound for p(G): Theorem 2. Let G be the hydrogen-filled molecular graph for a fixed but arbitrary alkane with n carbon atoms. If p(G) is its largest Laplacian eigenvalue then, independently of n, p(G) < 8. If quaternary carbon atoms are absent, then p(G) < 7.25.
Proof. Let H = (V, E) be an arbitrary graph. If v E V, denote by m H (v) the average of the degrees of the vertices of H adjacent to v. Then [9] •
Proof of Theorem I Preparation for the Proof of Theorem 1
Recall that if M is a real symmetric matrix, then all of its eigenvalues are real. The inertia of M is an ordered triple, in (M) = (JT, V, £)> where JT, V and £ are the number of positive, negative and zero eigenvalues, respectively, of M, multiplicities included. Then JT+ V + £ is the size of the (necessarily square) matrix M.
We will prove Theorem 1 by showing that if G is the hydrogen-filled molecular graph of an alkane that does not have a quaternary segment with more than six vertices, then
where / 3m+ 2 denotes the unit matrix of order 3m + 2. Eq. (1) may be rewritten as
Beyond determining that n is the number of eigenvalues of L(G) greater than 1, (1) shows that the multiplicLet G be the hydrogen-filled molecular graph of some fixed but arbitrary alkane. Recall that G = (V, E) has p = 2n + 2 vertices of Type 1 (corresponding to hydrogen atoms), q vertices of Type 2 (afforded by nonquaternary carbon atoms), and r = n-q vertices of Type 3 (arising from quaternary carbon atoms). Let V = {Vi, v 2 
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blocks, respectively; B' and C' are the transposes of B and C, respectively; and each 0 represents an appropriately sized block of zeros. As we have observed (Eq. (1)), to prove Theorem 1 it suffices to show that in (Ajj) = (q + r, q,p-q) .
Recall that a real symmetric matrix M is congruent to the matrix M' if there exists an invertible matrix U such that M' = U' M U. While congruent matrices need not share the same spectrum, they must share the same inertia [10] , Thus it is enough to show that in(F) = (q + r, q,p -q) for some matrix Y congruent to (A ;/ ). Because every invertible matrix is a product of elementary matrices, and since (M\ M 2 )' = M 2 M\, any matrix conguent to (A^) can be obtained from it by a sequence of congruencies by elementary matrices. This is equivalent to a sequence of modifications obtained by performing an elementary row operation followed by the same elementary operation applied to the columns. For example, because A 13 = -I is the only nonzero block in the first row, and A 31 = -l q is the only nonzero block in the first column, elementary operations using these blocks can be employed to annihilate B and B\ as well as C and C'. It other words, L(G) -/ 3 " + 2 = (Ay) is congruent to the matrix If there are no quaternary carbons in the alkane considered, then r = 0, q = n, E does not appear, and the proof is finished. Otherwise, we must prove that in(£) = (r, 0, 0).
If r > 0 and no two quaternary carbons (Type 3 vertices) are adjacent, then E=3I n which is a positive definite matrix with inertia (r, 0, 0). More generally, the rxr matrix E is the direct sum of submatrices S corresponding to the quaternary segments of the forest R, and the vector in(£) is the sum of the inertias of these submatrices. Therefore, to complete the proof, we must show that each of these matrices is positive definite.
By hypothesis, the quaternary segments are trees on at most 6 vertices. Because there are 14 nonisomorphic trees on 6 or fewer vertices, in order to complete the proof we are obliged to verify that all 14 possibilities for S are positive definite. For instance, for the tree depicted in Fig. 3 , S is permutation similar to the matrix
whose eigenvalues (to four decimal places) are 4.8478, 3.7654, 3.0000, 2.2345, and 1.1522. Thus the above matrix is positive definite. Analogous checking shows that the same holds for all 14 trees with 6 or fewer vertices. In particular, ranging over the 14 possibilities for 5, the smallest eigenvalue encountered is 0.7639 (and the largest is 5.2361, both arising from the star on 6 vertices). Note that, because congruence does not generally preserve the spectrum, none of these numbers need be eigenvalues of L(G)-I.
Discussion
Based on the proof of Theorem 1 and the difficulty of constructing a counterexample for Rule 1, the authors are confident that the rule is a valid guide for any alkanes presently existing or likely to be discovered or synthesized in the foreseen future. It is shown how the interaction of sexuality and chirality causes monochiralities of the biosphere.
Monochiralities Caused by Sexuality
Key words: Evolution; Sexuality; Chirality.
In [1] , Rikken and Raupach say: "We show experimentally that magnetochiral anisotropy can give rise to an enantiomeric excess in a photochemical reaction driven by unpolarized light in a parallel magnetic field, which suggests that this effect may have played a role in the origin of the homochirality of life."* Also the fact that outside the tropics the sun goes always to the right (left) on the northern (southern) hemisphere suggests that this effect may, via the sun-dependent growth of organisms, have played a role in the origin of the homochirality of life.
Such effects which imply that the speed of the monochiralisation is proportional to the mole fraction of the not jet monochiralised organisms, lead very slowly to monochirality.
In [2] it was shown that the interplay of sexuality and chirality implies that the probability that a male and [ 1 ] G. L. J. A. Rikken and E. Raupach, Nature 405, 932 (2000) . [2] A. Klemm, Z. Naturforsch. 40a, 1231 (1985 .
female organism with the rare chirality are fruitful is proportional to the square of their small mole fraction. This leads much faster to monochirality:
If in an isolated population there are male and female organisms which mate regardless of whether their chiralities are equal or not, and whose copulations are only fruitful if their chiralities are equal, then the organisms with the less abundant chirality will finally die out because their copulations are more often fruitless than the copulations of the organisms with the more abundant chirality.
Even if in an isolated population right and left handed organisms are equally abundant and external influences can be neglected, with equal probability one of the chiralities will become dominant because such a system is, as to the chiralities, in an unstable equilibrium.
If in the course of time such isolated monochiral populations of different chiralities mix, then again the chirality of the greater population will survive.
Since the "invention" of sexuality, in this way monochiralities on earth were created without the necessity of any external influences.
An example is given by the land snail Partula suturalis on the island Moorea near Tahity [3] , on which there exist snails of different monochiralities of their shells in different isolated valleys. If by the experimenters such different monochiral populations are mixed, the chirality of the greater population survives. 
Mean Amplitudes of Vibration of Chlorosyl Fluoride, FCIO
Five of the six possible oxide fluorides of chlorine have been characterized. They range in stability from the thermally unstable chlorosyl fluoride, FCIO, to the chemically rather inert perchloryl fluoride, FC10 3 [1] , FCIO is a very interesting molecule as it consists of a hypervalent chlorine atom bonded to the two most electronegative atoms, fluor and oxygen, in an angular, C v -symmetry, arrangement. It can be obtained by controlled hydrolysis of C1F 3 in a flow reactor or by photolysis of a mixture of C1F and 0 3 in an argon matrix [2] .
As a part of our current studies on vibrational properties of compounds with interhalogen bonds and related species, we have now undertaken the calculation of mean amplitudes of vibration of this molecule.
The necessary vibrational-spectroscopic data and the structural parameters were taken from a recently performed high resolution FTIR spectroscopy study [3] .
The mean amplitudes of vibration were calculated using the "Method of the Characteristic Vibrations" of A. Müller and coworkers [4, 5] (cf. also [6] ).
The obtained mean amplitudes of vibration, in the temperature range between 0 and 1000 K, are shown in Table 1 . These results clearly confirm the existence of a relatively strong Cl-0 bond and a weaker Cl-F bond, reflected in higher mean amplitude values and in stronger temperature dependence.
Such a behavior is relatively usual for this type of hypervalent species, since the generation of a strong chlorine-oxygen bond generates a semi-ionic and relatively weak Cl-F bond. In the present molecule, this is also revealed by the very different force constants of the two bonds, the values of which are of 7.01 mdyn/Ä for the Cl-O bond and only of 2.51 mdyn/Ä for the Cl-F bond [3] .
As it seems interesting to make some comparisons with other related species, in Table 2 we present mean amplitude values and force constants for the Cl-F bonds in a series of molecules and ions. Generally speaking, there exists a fairly good correlation between the force constant-and mean amplitude-values, i.e. stronger force constants generate lower mean amplitudes of vibration. The data of Table 2 also point to a diminution of the ionic (or semi ionic) bond character in going from CIO2F2 to CIF2. The CIO2F2 anion represents an extreme case, in which the two axial Cl-F bonds can practically be described as semi-ionic p -o bonds, i.e., 3-center-4-electron (3c-4e) bonds [7, 8] . The molecule C1F and the CIF2 cation, with very short and strongly covalent bonds, represent the other limiting type of Cl-F bond. [19] All these comparisons suggest that in FC10 this bond is of an intermediate type, but evidently closer to a semiionic one. On the other hand, and as it can also be seen from Table 2 , the mean amplitude values for this bond cover a relatively broad range between 0.0622 and 0.0416 Ä.
T(K)
This behavior contrasts with those of the Cl-0 bonds, which for the oxygenated species shown in Table 2 , extend only between 0.0386 Ä (FCIO) to 0.0358 Ä (C1F 4 0~), despite the fact that the corresponding Cl-0 force constants are rather different (7.01 mdyn/Ä for FCIO [3] and 9.38 mdyn/Ä for C1F 4 0" [9] ). This means that the mean amplitudes of vibration are more characteristic [5] for the Cl-0 than for the Cl-F bonds. This statement is additionally supported by the fact that also the mean amplitudes of other species containing this bond lie in the same range (for example: C10 2 : 0.0385 Ä; CIO4: 0.038 Ä and CIO3: 0.040 A, at 298 K [5] ).
Regarding the mean amplitudes of vibration for the non bonded O-F pair of FCIO they show, as usual, a relatively important temperature dependence (cf. A new experiment, "Gravity Point", is proposed: The momentary direction of the pull of gravity on the surface of the earth can be probed. The time-dependent changes of the gravitational potential are either instantaneous in accord with Newton, or follow the change of the moon's position belatedly in accord with Einstein. A pendulum-based design is proposed.
Newton discovered the dependency of gravity on the position of the moon, thereby explaining the tides. He conjectured an instantaneous "action at a distance" to be at work. Following the discovery of special relativity, Einstein proposed a non-instantaneous action in a "gravitodynamics" analogous to electrodynamics. In his general relativity, gravitational waves form a special case, as is well known.
In which direction precisely does gravity pull at every moment? Finding the answer to this question may be much easier than detecting gravitational waves themselves. The time-dependent changes of the gravitational potential on the surface of the earth, in dependence on the moon's position, do represent a time-dependent change in the local spacetime curvature, according to general relativity. However, they strictly speaking do not form a special case of a gravitational wave. They only represent a "gravitational ripple" so to speak, for they do not propagate unchanged like gravitational waves.
Unfortunately, while gravitational wave-solutions are well known in explicit form, the exact momentary angular direction of pull on earth predicted by general relativity has, apparently, yet to be calculated explicitly for a point on earth facing the moon (in the absence of the rotation of the earth for simplicity). Nevertheless, the resulting direction can be guessed: It will be roughly coincident (except for a well-defined minor deviation) with the visible direction of the moon's center. It therefore suffices to check whether the moon's "visible position" (after subtraction of the earth's rotation) is responsible for the tidal pull, or whether the more advanced "actual position" is responsible. The former alternative will be called the "Einstein conjecture" in the following, the second the "Newton conjecture". Of course, the experiment like any successful experiment may tum out to favor a third, presently unfathomable, alternative.
Can the two conjectures be distinguished empirically? The answer is "in principle yes". All it takes is to determine the momentary local direction of gravity at a sufficient temporal and spatial resolution. The requisite temporal resolution is less than one second, the requisite spatial resolution less than 10 -4 degrees. The reason for these constraints is that the distance of the moon is about one light second, and the change of position of the moon per second is about 360 degrees divided by 3 000 000 (the number of seconds per month).
An accelerometer which is that fast and accurate does not exist at present. Nevertheless a prototype can apparently be designed using currently available technology. A straight proposal is a long pendulum in a mine shaft.
The main problem to be overcome in the design of the experiment is noise. The three major sources of perturbation are temperature, wind, and seismic noise. Both temperature regulation and wind shielding can be achieved by using an evacuated cylinder with a thermostated low temperature to house the pendulum. The pendulum itself could be a fine metal chain. The weight at its tip would carry a point-shaped light source. The latter could be observed by means of a strongly magnifying, ultrahigh-resolution TV camera (or set of cameras). The camera should be firmly attached to the neighborhood of the suspension point of the pendulum, at the center of the cylinder's lid.
The seismic noise needs to be damped out as much as possible, in the lid's central part just mentioned (housing the suspension point and the camera). This vibrationinsulated piece probably forms the most critical element in the design of the experiment. Similar techniques as are currently used to shield the mirrors in groundbased gravitational-wave detectors may turn out to be needed. Any remaining seismic effects on the magnifying camera can be corrected with the aid of two auxiliary stationary light sources.
The net "live signal", obtained after the subtraction, then has to be compared to a mathematical model of the quasiperiodically forced pendulum. Hereby, current techniques of chaos theory can be applied. The experiment contains two "free parameters", the pendulum's length and its damping. They can be optimized both theoretically and empirically. Hereby, methods developed over the years by Peter Richter can be expected to be helpful (work in preparation).
In a final third step, the phases of the two periods that are present in the both observed and calculated "rosette" of the quasiperiodically forced pendulum (rotation phase of earth, rotation phase of moon) are to be matched to the momentarily visible (and computationally confirmed) apparent position of the moon. Hereby the fact that the earth's rotation causes a spurious one-second delay in the astronomical data needs to be taken into account.
This finishes the description of the proposed experiment. The suggested design appears to impose no insoluble problems. It is simpler than currently planned experiments to detect gravitational waves at ultrahigh sensitivities, after lesser sensitivities failed to yield a positive answer. A drawback of the present experiment could be seen to lie in its lack of sophistication. Note that a first version could already have been built (using mirrors) during the life time of Newton. Still, since a time-dependent change in gravitational potential or spacetime curvature, measured on a slow time scale, "mimics" an ultralowfrequency gravitational wave, the present experiment can at the same time be used as a gravitational-wave detector -especially in conjunction with a second one. Only "in addition" can it be used to resolve the Einstein conjecture described above.
To conclude, a simple terrestrial gravitational experiment has been proposed. It measures the momentary pull of gravity to an unprecedented accuracy which, nevertheless, is not intimidating. By simply extending the duration of the experiment, the signal-to-noise ratio can be almost arbitrarily improved. The experiment forms a "telescope" for the net force of gravity experienced at one point in the universe. Its philosophy is both Einsteinian and Newtonian. Even though there can be little doubt about its outcome, the experiment will make the voice of nature audible in a new way.
We thank John Wheeler for inspiration. For J.O.R. Erratum L. A. Errico, G. Fabricius, and M. Rentería, FP-LAPW Study of the EFG at Impurity Sites in Oxides: Cd in Rutile Ti0 2 , 55a, 267-270 (2000) .
In Fig. 1 we have interchanged by mistake x and y axis. This does not alter the discussion of our calculations made in the paper, but 4 th row in Table 1 (that refers to calculations of other authors) suffers the same interchange in xx and yy components of V" . Therefore, also the table and a sentence concerning comparison of both calculations have to be modified.
Corrected Figure 1:
• Titanium 01 O Cadmium ® Oxygen Fig. 1 . Double super-cell used in the present work (see text). V" values throughout the article are referred to the principal axis system indicated in this figure.
Corrected Table 1 : In this case we obtained very similar values for all the V" components of the EFG than they did (see Table 1 ), confirming that the different predictions made by the two approaches are due to the different relaxation proposed. The different methods employed to compute electronic structure produce no significant differences in the results. 
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